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Abstract 
In this study determination of a compound commonly known as acetaminophen in the leaf extract of Aquilaria malaccencis was 
studied and discussed. Aquilaria species are well known for its valuable agarwood. Acetaminophen or 4’-hydroxyacetanilide in 
its synthesis name is the main compound found in synthetic drugs. This synthetic drug is referred in treating fever, migraine and 
other type of illness. Traditionally, it is known that Aquilaria species able to treat various illnesses, including fever in which the 
leaves is treated as tea and believed to cure many other illnesses. A simple and validated method was developed for the study of 
4’-hydroxyacetanilide by High Performance Liquid (HPLC). This analysis is well conducted with C18 column to separate the 
compounds. The method is validated with different parameters in terms of linearity, range, accuracy and robustness. The mobile 
phase used in this study is acetonitrile and water (20:80). The pH was adjusted to 3.5 with the aid of orthophosphoric acid. The 
flow rate was set to 0.8 ml/min and a spectrophotometric condition at 193 NM. The percentage of recovery from this method is 
within 98% to 101%, which indicates this method is reliable and can be applied to an analysis of 4’-hydroxyacetanilide from 
Aquilaria malaccencis. The concentration of 4’-hydroxyacetanilide determined in the leaves extract of Aquilaria malaccencis at 
60oC were 0.807μg/ml, 1.398μg/ml and 1.811μg/ml for varied ratio ( raw materials: water) 1:80, 1:40 and 1:27 respectively. 
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1. Introduction 
Researchers are eager to establish natural drugs from various kinds of sources from plants, fruits, herbs and even 
vegetables to promote a healthy lifestyle. This study aimed to bring a new and innovative bio-based medicinal cure 
for mankind. The medicinally active compounds aimed to be determined in this study is 4’-hydroxyacetanilide or 
easily known as acetaminophen. This compound is very beneficial, especially in the medical field in treating fever, 
migraine and many other illnesses. The synthetic drugs available in the current market may deliberately bring a 
health impact when taken excessively. A high dose intake of synthetic medicine more than normal dosage may lead 
to harmful diseases such as gastrointestinal bleeding, perforated ulcer, dyspepsia and indigestion. From this study, a 
natural and healthy approach can be proposed to all patients who seeks for treatments.  
2. Literature Review And Hypotheses  
Aquilaria is famously known for its agarwood. This species belongs to family of Thymelaeaceae. This species 
has different names in different countries. Aquilaria is also known as gaharu, eagleswood, jinkoh, chen xiang, oud 
and oudh according to its native. It is native to South and Southeast Asian countries which includes Bangladesh, 
Philippines, Singapore, Thailand, India, Indonesia, Myanmar and Malaysia (Khalil, Rahim, Taha, & Abdallah, 
2013). Generally, this tree able to grow up to 40 m tall and can be found in diameter of 0.6 – 2.5 m (Akter, 2008). 
Numerous of environment can become a habitat for this tree that includes well-drained slopes, sandy and rocky 
places. 
 
There are plenty of medicinal benefits that can be obtained from Aquilaria species. All parts of the tree are used 
and very advantageous to medicinal field. Besides the ordinary usage of agarwood as incense in religious events, 
certain parts of the tree are also advantageous to become as a health supplement. Various studies have been done in 
investigating the medicinal property contained in this unique tree. It is studied that agarwood has potential in 
anticancer activity (Khalil et al., 2013). According to them, antidepression activity is also discovered in the 
agarwood extract. Besides that, this advantageous Aquilaria leaves is proven to have anti-inflammatory activity and 
hepatoprotective (Ray, Leelamanit, Sithisarn, & Jiratchariyakul, 2014). Furthermore, Aquilaria leaves also has 
potential in anti-diabetic activity (Pranakhon, Pannangpetch, & Aromdee, 2011). While many other medicinal 
benefits discovered by researcher, this tree is proven that many other people can experience the multiple benefit of 
Aquilaria. 
 
Behind all the medicinal benefits claimed by researcher, the phytochemicals presence in this species are 
responsible to make it beneficial as health supplement. The phytochemicals found in this species are 2-(2-
phenylethyl) chromenes, lignans, diterpenoids and flavonoid glycosides (Ray et al., 2014). While studies done by 
(Khalil et al., 2013) found that the chemical constituents of alkaloids, tannins, saponins and terpenoids are available 
in the leaves extract of Aquilaria. It can be concluded that there are diversified medicinal benefits that can be 
obtained from this species. From the research done, the phytochemicals contribute to huge benefits to consumer as 
health supplement.  
 
Acetaminophen or in its synthesis name known as 4’-hydroxyacetanilide as in Figure 1  is described as pure 
white crystal and has a molecular weight of 151.06 g/mol. Acetaminophen performed as both analgesic and 
antipyretic agents. This compound, generally known as acetaminophen is the pure compound found in synthetic 
drugs used to cure illness. This drug is referred in treating illness that includes soothing down fever, migraine, sore 
throat and many more. This drug is only for temporary treatment only however, excessive dosage of acetaminophen 
may bring harm to internal organs. Hence, from this study, it is aimed to investigate the presence of antipyretic 
compound in this plant species. 
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Figure 1. The compound of interest, 4’-hydroxyacetanilide. 
 
3. Methodology 
3.1. Chemicals and reagents 
The chemicals used is 4’-hydroxyacetanilide in powder form as the reference standard in this study was obtained 
from Merck. Acetonitrile is a HPLC grade was also purchased from Merck and orthophosphoric acid was obtained 
from Bendosen Laboratory Chemicals. The ultra pure water is purified by Laboratory Water Purification System 
(SASTEC) 
3.2. Sample Preparation 
The leaves were collected from local plantation, Malaysia. The samples were washed thoroughly to remove dirts 
before being dried overnight. A conventional oven was used to dry the sample at a temperature of 60oC. The 
samples were then grinded after being dried to improve the surface area. Samples of Aquilaria malaccencis were 
weighed accurately to different amount of 5 g, 10 g and 15 g. The extraction was completed by using 
hydrodistillation method. It was performed at room temperature for 5-6 hours till extraction completed. The sample 
extract was dried using rotary vacuum evaporator before being analysed using HPLC. Before being injected, each 
solution was filtered through a 0.2μm nylon membrane filter and analyzed in triplicate. 
3.3. HPLC conditions 
The analysis was completed with the aid of Perkin Elmer HPLC Series 200 equipped with Perkin Elmer Series 200 
Pump, Perkin Elmer Series 200 UV/VIS Detector and Perkin Elmer Series 200 Autosampler. The detection was 
accomplished at room temperature on a C-18 Chromolith column with a specification of 150 mm x 0.05 mm 
(Merck). In this analysis, the mobile phase prepared was acetonitrile and ultra pure water, which the pH was 
adjusted to 3.5 by using orthophosphoric acid. (20:80, v/v). The flow rate was 0.8 mL/min while the wavelength was 
set to 193 nm. 
3.4. Method Validation 
x Linearity: For linearity validation, five different concentrations of standard compound were prepared. The 
standards were run for several times before the average peak area was determined. A calibration curve was 
plotted to have the linearity by having the concentration of standards prepared at X-axis while the peak area 
on Y-axis. The linearity was achieved by measuring the linear regression and coefficient of correlation r2 
0.9995. 
x Accuracy: The analysis was done in triplicate and percentage of recovery was also calculated. 
x Robustness: In consideration of robustness, variations of flow rate, wavelength and mobile phase 
compositions were varied to validate this method of study. 
x Range: A various range of concentrations of pure compound were prepared to justify the study. A 
concentration of 4’-hydroxyacetanilide in 100 μg/mL was prepared and diluted to multiple range of 
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standards. The standards were made up from 0.5 μg/mL to 100 μg/mL. 
 
4 Results and Discussions 
4.1 Method development and validation of 4’-hydroxyacetanilide 
This method is validated and developed in order to identify the presence of medicinally active compound in the 
plants. Due to lack of publication in determining 4’-hydroxyacetanilide in natural sources, this study was established 
in order to fulfil the needs of society.  In this study, raw leaves of Aquilaria malaccencis were chosen as it is not 
edible and abundantly available throughout the year. The amount of grinded leaves of samples was varied from 5 g 
to 15 g to extract the optimum yield of 4’-hydroxyacetanilide. This compound of interest, 4’-hydroxyacetanilide or 
generally known as acetaminophen is a compound that is used in the synthesis of non steroid anti-inflammatory 
drugs (NSAIDs). An external standard of 4’-hydroxyacetanilide was used in which the compound was completely 
separated in the C-18 column by using RP-HPLC. The solvents used were acetonitrile and ultrapure water as the 
mobile phase. In an interval time of 5 mins, the cycle is completed. At the retention time of 3.35 min, a stable and a 
sharp pointed peak was shown. 
4.1.1 Linearity 
A calibration curve of 4’-hydroxyacetanilide was plotted to show the linearity over a specified range of 0.5 
– 2.5 ppm. The equation was y = 234221x + 45583 with r2 = 0.9997. In within an interval time of 5 min, the 
detection is completed with a good sensitivity of the detector at 193 nm. From this linearity graph, a quantitative 
analysis of compound of interest in the leaf extract can be obtained. 
 
 
 
 
Figure 2. A linearity graph with a correlation coefficient of calibration curve 
 
4.1.2 Accuracy 
This method was validated with the outcome of percentage of recovery is in the range of 98.7% to 101.1%. 
It shows the closest of the area determined from the sample to the standard prepared.  
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Table 1. Percentage of recovery for the 4’-hydroxyacetanilide  
Concentration (μg/mL) Area Amount recovered Recovery (%) 
0.5 163400.3 0.503 100.6 
1 282329.5 1.011 101.1 
1.5 391206.2 1.481 98.7 
2 515041.2 2.004 100.2 
2.5 632598.0 2.506 100.2 
 
4.1.3 Robustness 
This method is validated when few parameters such as flow rate, wavelength, mobile phase composition, 
internal pressure were varied in order to find the optimum operational parameter for the study of this medicinally 
active compound. All of the parameters applied has its influence on the stability of the analytical solutions. The 
variation in parameters results in peak broadening and poor separated peak throughout the optimization analysis. In 
Figure 3, the compound of interest showed a sharp pointed peak and well separated peak. It was achieved at the 
parameter of 193 NM, flow rate of 0.8 mL/min and mobile phase composition of acetonitrile and ultrapure water in 
pH 3.5 (20:80). Figure 3 shows a stable peak for the 4’-hydroxyacetanilide external standards determined from this 
method. 
 
 
Figure 3. A peak showing the presence of 4’-hydroxyacetanilide compound at retention time of 3.35 min 
 
4.1.4 Range 
A range of pure 4’-hydroxyacetanilide was prepared in this study. A pure standard of 100 μg/mL was 
prepared in ultra pure water and diluted to a series of standards ranging from 0.5 μg/mL - 100 μg/mL. The range 
chosen in this study was 0.5 μg/mL to 2.5 μg/mL as it satisfies the concentrations of the sample analysis.  
 
4.2 Determination of 4’-hydroxyacetanilide in Aquilaria malaccencis leaves 
 
The leaves of Aquilaria malaccencis were dried and grinded after being pre-treated. The amount was varied to 5 
g, 10 g and 15 g to maximize the 4’-hydroxyacetanilide content in Aquilaria malaccencis leaf extract. The sample 
was soaked in 400 mL of distilled water for an overnight before being hydrodistilled. Water is being chosen as the 
solvent to promote natural and chemical free product. The hydrodistillation method applied to the leaf sample took 
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about 5-6 hours till extraction completed. The solvent was heated to a constant temperature at a boiling point of 
water. The vapor which subsists of steam and volatile compounds was then analyzed by High Performance Liquid 
Chromatography to examine the content of the compound of interest. The volatile compound of interest, usually 
known as acetaminophen is widely used in the synthesis of anti-inflammatory, antipyretic and analgesic drugs. 
 
The developed method is applicable for the detection and quantitation analysis of 4’-hydroxyacetanilide in leaf 
extract of Aquilaria malaccencis. In Figure 4, a stable peak and a well separated from other compounds was shown 
in the chromatogram in the minutes of 3.37. The cycle was completed within 5 mins. Referring to external standards 
prepared using 4’-hydroxyacetanilide, the compound’s concentration was identified in the leaf extract. Table 2 
shows the identified compounds in the leaf extract respective to the amount of leaves extracted. The standard 
deviation and relative standard deviation were calculated as shown in Table 2 and the amounts are within the limits. 
 
Table 2. The concentration of the medicinally active compound in leaves 
Amount of grinded leaves (g) 4’-hydroxyacetanilide 
concentration ± s.d. (μg/mL) 
Relative s.d. (%) 
5 0.807 ± 0.1 0.003 
10 1.398 ± 0.3 0.001 
15 1.811 ± 0.8 0.007 
*Data represents triplicate injections ± standard deviation (n=3) 
The varied ratio of leaves and water as solvent influence the quantitative analysis of the compound of interest. 
From Table 2, hydrodistillation of Aquilaria malaccencis leaves gave the highest concentration of 4’-
hydroxyacetanilde at 1.811 μg/mL in the ratio of 1:27. While at the ratio of 1:80 and 1:40, the concentration of 4’-
hydroxyacetanilide determined was 0.807 μg/mL and 1.398 μg/mL respectively. Figure 5 shows an increment of the 
4’-hydroxyacetanilide compound with the increased amount of leaf sample used in the hydrodistillation. From the 
graph, the volatile compounds of 4’-hydroxyacetanilide is proven to be present in the solvent extract. The 
hydrodistillation extraction method is safe to be applied on to extract the compound of interest as the extraction 
method aids in separation of volatile and non-volatile compounds efficiently. The identification of 4’-
hydroxyacetanilide in the leaves of Aquilaria malaccencis gave a new prospective for the industrial agriculture, 
medical, pharmaceutical, healthcare and engineering. Besides promoting a natural source for replacement of 
synthetic drugs, this study also helps to reduce biomass waste for a better environment.  
 
 
 
Figure 4. The detection of compound, 4’-hydroxyacetanilide 
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Figure 5. The increment of 4’-hydroxyacetanilide compound in different ratio of leaves. 
5. Conclusion 
An easy and a clear method to determine the medicinal active compound, 4’-hydroxyacetanilide by HPLC has 
been developed and validated in this study. The introduced method is fast, simple and precise in determining the 
quantitative analysis of 4’-hydroxyacetanilide compound in leaves extract. From this study, Aquilaria malaccencis 
is determined to be potential for natural antipyretic source. This indicates that this species of Aquilaria can be 
formulated to become a health supplement for treating pain, fever and many other illnesses. Nevertheless, this 
extraction method is recommended to isolate volatile compounds for its low cost in raw materials and extraction, 
chemical free and also environmental friendly. 
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